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SYSTEM FOR REDUCING CONTAMINANTS
FROM A PHOTOELECTROCATALYTIC
OXIDIZATION APPARATUS THROUGH
POLARITY REVERSAL AND METHOD OF
OPERATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/647,372, filed May 15, 2012, and a continua-
tion-in-part of currently U.S. Pat. No. 8,568,573, filed Feb.
18, 2013, which is a continuation of U.S. Pat. No. 8,398,828,
filed on Jul. 9, 2012, which claims priority to U.S. Provisional
Application No. 61/613,357, filed Mar. 20, 2012 and U.S.
Provisional Application No. 61/583,974, filed Jan. 6, 2012,
the contents of which is hereby incorporated by reference in
its entirety.

FIELD OF THE INVENTION

The present invention relates to the removal of contami-
nants from aqueous solutions. More specifically, the present
invention relates to a system and a method for removing
contaminants from a photoelectrocatalytic oxidation appara-
tus through systematic polarity reversal.

BACKGROUND

Photoelectrocatalytic oxidation, or “PECO,” is a process
which may be used to treat one or more aqueous solutions to
reduce contaminants within the aqueous solutions. Aqueous
solutions may include, but are not limited to, hydraulic frac-
turing fluid, hydraulic fracturing backflow water, high-salin-
ity solutions, groundwater, seawater, wastewater, drinking
water, aquaculture (e.g., aquarium water and aquaculture
water) and ballast water.

A device implementing PECO may include an electrode
assembly having a cathode, an anode, and a light source. In
addition, the PECO device may include an electrical bias
across the anode and cathode, and/or a pump for providing
aqueous solution to the electrode assembly of the PECO
device.

During operation of a PECO device to treat one or more
aqueous solutions, unwanted material may accumulate on
surfaces of PECO device components, including the anode
and/or cathode. This undesirable scale or fouling typically
impedes or interferes with the function of the component.

Unfortunately, there are a limited number of desirable
options available for the removal of scale or fouling from
PECO device components. One option is the removal and
replacement of the fouled component from the PECO device.
However, this option can lead to the addition of unnecessary
cost, as the fouled component may be replaced before the
completion of its operational life. Further, replacement of
fouled components may require the PECO device to be shut-
down, leading to undesirable nonoperational time or down
time.

Another option is the introduction of a chemical fouling
inhibitor. However, the addition of any chemical to the PECO
device or associated aqueous solutions is typically undesir-
able and counterproductive, as the PECO device operates to
reduce contaminants from aqueous solutions. The addition of
a chemical fouling inhibitor merely adds a potential contami-
nant to the aqueous solutions the PECO device is treating.

Accordingly, what is needed is a system and method to
address PECO device component fouling. More specifically,
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what is needed is a system and method to address PECO
device component fouling during operation of the PECO
device, which will maximize the operational life of PECO
device components, and which avoids the introduction of
chemical fouling inhibitors which may further contaminate
aqueous solutions being treated by the PECO device.

SUMMARY OF THE DESCRIPTION

The present invention provides a system and method for the
reduction of contaminants which lead to PECO device com-
ponent fouling. The system and method provides for the
systematic reversal of polarity of anode and cathode pairs of
a PECO device, leading to a systematic descaling or cleaning
of the anode, cathode, and/or associated electrode(s). The
system and method also provides for the systematic reversal
ofpolarity of electrode pairs of a PECO device in a manner in
which the overall operational efficiency of the PECO device
is maximized.

A method for operating a photoelectrocatalytic oxidation
assembly for removing fouling from components is provided.
The method includes the steps of resetting a first counter,
increasing the first counter by a first channel increment value,
and determining if the value in the first counter exceeds a
value corresponding to the number of channels provided in
the photoelectrocatalytic oxidation assembly. If the first
counter does not exceed a value corresponding to the number
of channels provided in the photoelectrocatalytic oxidation
assembly, the following steps are performed: reversing polar-
ity in a channel associated with the value in the first counter,
resetting a first timer, determining if an amount of time in the
first timer exceeds a first time period, increasing the amount
of'time remaining in the first timer by a first time increment if
the amount of time remaining in the first timer does not
exceed the first time period, terminating the polarity reversal
in the channel associated with the value in the first counter
when the time remaining in the first timer exceeds the first
time period, and returning to the step of increasing the first
counter by a first channel increment value. If the first counter
does exceed a value corresponding to the number of channels
provided in the photoelectrocatalytic oxidation assembly, the
following step is performed: returning to the step of resetting
the first counter.

In addition, a method for removing scale from a plurality of
photoelectrodes associated with a photoelectrocatalytic oxi-
dation assembly thru polarity reversal, the plurality of photo-
electrodes being associated with a plurality of channels, such
that at least one photoelectrode is associated with each chan-
nel is also provided. The method includes the steps of reset-
ting a first counter and a first timer, determining if an amount
of'time in the first timer exceeds a first time period, increasing
the amount of time in the first timer by a first time increment,
increasing the first counter by a first channel increment value,
and determining if the value in the first counter exceeds a
value corresponding to the number of channels provided in
the photoelectrocatalytic oxidation assembly. In addition, if
the first counter does not exceed a value corresponding to the
number of channels provided in the photoelectrocatalytic
oxidation assembly, the following additional steps are per-
formed: reversing polarity in a channel associated with the
value in the first counter, resetting a second timer, determin-
ing if an amount of time in the second timer exceeds a second
time period, increasing the amount of time remaining in the
second timer by a second time increment if the amount of time
remaining in the second timer does not exceed the second
time period, terminating the polarity reversal in the channel
associated with the value in the second counter when the time
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remaining in the second timer exceeds the second time period
and returning to the step of determining if an amount of time
in the first timer exceeds the first time period. If the value in
the first counter exceeds a value corresponding to the number
of channels provided in the photoelectrocatalytic oxidation
assembly and the amount of time in the first timer does not
exceed the first time period, the additional step of returning to
the step of increasing the amount of time in the first timer by
a first time increment is performed. If the amount of time in
the first timer does exceed the first time period, the step of
returning to the step of resetting the first counter and the first
timer is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a first PECO device,
which may also be referred to as a photoelectrocatalytic cell,
according to one or more examples of embodiments.

FIG. 2 is a schematic illustration of a second PECO device,
which may also be referred to as a photoelectrocatalytic cell,
according to one or more examples of embodiments.

FIG. 3 is a flow diagram of a first example of an embodi-
ment of a polarity reversal program adapted for removing
fouling from components of a PECO assembly.

FIG. 41is a flow diagram of a second example of an embodi-
ment of a polarity reversal program adapted for removing
fouling from components of a PECO assembly.

While the disclosure is susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
have been shown by way of example in the drawings and are
herein described below in detail. It should be understood,
however, that the description of specific embodiments is not
intended to limit the disclosure from covering all modifica-
tions, equivalents and alternatives falling within the spirit and
scope of the disclosure.

DETAILED DESCRIPTION

The invention illustrated in the Figures and disclosed
herein is generally directed to a PECO system, and a polarity
reversal program 200, 300 for a PECO system and associated
method of operation. Unless defined otherwise, all technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the disclosure belongs. Although any methods and
materials similar to or equivalent to those described herein
may be used in the practice or testing of the present disclo-
sure, example methods and materials are described below.

FIG. 1 illustrates one or more examples of embodiments of
a photoelectrocatalytic oxidation (“PECO”) device. The
PECO device may include a photoanode or photoelectrode
10, a cathode or counterelectrode 14, a housing member 16
having an inlet 12 and outlet 13 adapted to house photoelec-
trode 10 and counterelectrode 14, a light source assembly 22
adapted to emit ultraviolet light (UV) to photoelectrode 10,
and an electrical power source (not shown) adapted to apply
a voltage across photoelectrode 10 and counterelectrode 14.

In one or more examples of embodiments, photoelectrode
10 may include a conductive support member and a film
member. The conductive support member may be constructed
from metal. The film member may be nanoporous and include
a thin layer (e.g., 200 to 500 nanometers) of a titanium diox-
ide (TiO,) that is adapted to function as a photocatalyst. The
film member may be provided on (e.g., coated on or adhered
to) the conductive support member. In various embodiments,
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the film member may have a median pore diameter in the
range of about 0.1 nanometers to 500 nanometers constructed
from TiO, nanoparticles.

In one or more examples of embodiments, photoelectrode
10 may be modified (e.g., to improve performance). Such
modifications may include making holes or perforations in
the photoelectrode, conductive support member or foil. The
holes or perforations may be made at regular intervals, for
examples in the range of about 0.5 centimeters to 3.0 centi-
meters spacing between the holes. Such modifications may
also include corrugating or otherwise modifying the photo-
electrode, conductive support member or foil to produce a
regular wave-like pattern on the foil surface. For example, the
height of a corrugation “wave” may be in a range of about 1
millimeter to 5 millimeters. As another example, corrugating
the foil twice at right angles to each other may produce a
unique cross-hatched pattern on the foil surface.

In one or more examples of embodiments, the TiO, photo-
catalyst may be illuminated with light having sufficient near
UV energy to generate reactive electrons and holes promoting
oxidation of compounds on the anode surface.

Light source assembly 22 may include a lamp or bulb. In
addition, light source assembly 22 may include a transparent
quartz or fused silica member adapted to house the lamp. In
one or more examples of embodiments, the lamp or bulb may
be an ultraviolet light having a wavelength in a range of about
200 nanometers to 380 nanometers. In one or more examples
of embodiments, the lamp may be a low pressure mercury
vapor lamp adapted to emit UV germicidal irradiation at 254
nanometer wavelength. In one or more additional examples of
embodiments, the lamp may be adapted to emit an irradiation
intensity in the range of 1 to 500 mW/cm?. The irradiation
intensity may vary considerably depending on the type of
lamp used. Higher intensities may improve the performance
of the photoelectrocatalytic oxidation (PECO) device. That
optimum irradiation value or intensity may depend, at least in
part, upon the distance between the lamp and the photoelec-
trode.

Various UV light sources, such as germicidal UVC wave-
lengths (peak at 254 nm) and black-light UVA wavelengths
(UVA range of 300-400 nm), may also be utilized in the
PECO device. In one or more examples of embodiments, the
optimal light wavelength (e.g. for promoting oxidation) is
305 nanometers. However, various near-UV wavelengths are
also effective. Both types of lamps may emit radiation at
wavelengths that activate photoelectrocatalysis. The germi-
cidal UV and black light lamps are widely available and may
be used in commercial applications of the instant PECO
device.

In one or more examples of embodiments, the light source
assembly may be disposed exterior to the housing member,
and the housing member may include a transparent or trans-
lucent member adapted to permit ultraviolet light emitted
from the light source assembly to irradiate the photoelec-
trode. In one or more examples of embodiments, the PECO
device may also function using sunlight instead of, or in
addition to, the light source assembly.

In one or more examples of embodiments, photocatalytic
efficiency is improved by applying a potential (i.e., bias)
across the photoelectrode and counterelectrode. Applying a
potential may decrease the recombination rate of photogener-
ated electrons and holes. In various embodiments, an effec-
tive voltage range applied may be in the range of -1 V to +15
V. In various embodiments, an electrical power source is
adapted to apply an electrical potential in the range of 4 V to
12V across the photoelectrode and counterelectrode. In vari-
ous embodiments, the electrical power source is adapted to
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generate an electrical potential in the range 0of 1.2 Vt0 3.5V
across the photoelectrode and counterelectrode. In one or
more examples of embodiments where the PECO device
includes a reference electrode, for example as illustrated in
FIG. 2, the electrical power source is adapted to generate an
electrical potential in the range of 0 to 2.3 V versus the
reference electrode.

Referring now to FIG. 2, in one or more examples of
embodiments, the PECO device may additionally include a
potentiostat 18, and a reference electrode 20 in electrical
communication with the potentiostat 18. In one or more
examples of embodiments, the device further includes a ref-
erence electrode and a voltage control device, such as a poten-
tiostat, adapted to maintain a constant voltage or constant
current between the reference electrode and the photoelec-
trode. In one or more examples of embodiments, the housing
member may be adapted to house the reference electrode.

In one or more examples of embodiments, the PECO
device may further include a semi-micro saline bridge mem-
ber connecting the potentiostat and reference electrode,
whereby the housing member may be adapted to house the
saline bridge. In one or more examples of embodiments, the
reference electrode may be constructed from silver and is in
the shape of a wire.

The potential on the photoelectrode 10 may be held con-
stant relative to a saturated calomel reference electrode by
potentiostat 18, such as that available from EG&G Model
6310. In one or more examples of embodiments, potentiostat
18 may be connected to the reference electrode through a
semi-micro saline bridge, such as available from EG&G,
Model K0065. The saline bridge may be disposed inside the
reactor close to photoelectrode 10. The current passing
through the PECO device may be measured.

Potentiostat 18 may be a variable current source that can
measure a voltage between two electrodes. Potentiostat 18
may perform a wide variety of electrochemical functions, but
two example functional modes include constant current and
constant voltage. In constant current mode, potentiostat 18
may supply a user specified or predetermined current to the
electrodes. In constant voltage mode, potentiostat 18 may
supply current to the electrodes while monitoring the voltage.
Potentiostat 18 may then continually adjust the current such
that the voltage will remain constant at a user specified value.
Potentiostat 18 may also be configured to supply pulses.

In operation of the PECO device illustrated in FIGS. 1 and
2, an aqueous solution having at least one contaminant,
including, but not limited to, an organism, an organic chemi-
cal, an inorganic chemical, and/or combinations thereof is
introduced to the PECO device. The aqueous solution is sub-
sequently exposed to photoelectrocatalytic oxidization.

In one example of an application of the device described
herein, the device uses photoelectrocatalysis as a treatment
method for hydraulic fracturing fluid. While typically
described herein as reducing or removing contaminants from
hydraulic fracturing fluid, it should be understood by one
skilled in the art that photoelectrocatalysis of other contami-
nants can be performed similarly using the photoelectrocata-
Iytic oxidation or PECO device.

Generally, the method for reducing amount of contami-
nants in solution or fluid described includes introducing the
solution into a housing or container or cell including: a UV
light; a photoelectrode, wherein the photoelectrode com-
prises an anatase polymorph of titanium, a rutile polymorph
of titanium, or a nanoporous film of titanium dioxide; and a
cathode. The photoelectrode is irradiated with UV light, and
a first potential is applied to the photoelectrode and counter-
electrode for a first period of time. A second potential is
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applied to the photoelectrode and counterelectrode for a sec-
ond period of time. As a result, the contaminant amount in
solution is reduced.

In various embodiments, one or more contaminants are
oxidized by a free radical produced by a photoelectrode, and
wherein one or more contaminants are altered electrochemi-
cally (e.g., by electroprecipitation or electrocoagulation). In
various embodiments, one or more contaminants are oxidized
by a chlorine atom produced by a photoelectrode. In various
embodiments, one or more contaminants are altered electro-
chemically (e.g. by electroprecipitation or electrocoagula-
tion).

While FIGS. 1 and 2 illustrate one or more examples of
embodiments of a PECO device, it should be appreciated that
certain components from the PECO device may be integrated
into a PECO system. For example, a PECO system may
include a plurality of plate pairs provided within a housing. A
plate pair may include at least a photoanode or photoelectrode
or photocatalytic anode 10 and a cathode or counterelectrode
14 to form an electrolytic cell. The plate pair may also include
alight source assembly 22. The light source assembly 22 may
illuminate photoelectrode 10 with UV light to make the sur-
face of the photoelectrode 10 highly oxidative. Each plate pair
may also have a power source or supply coupled thereto for
providing a potential or bias across the photoelectrode 10 and
counterelectrode 14. Application of a potential or bias to the
photoelectrode provides further control over the oxidation
process.

The plurality of plate pairs may be provided in the PECO
system for the treatment of one or more aqueous solutions to
reduce contaminants. An example of a PECO system having
a plurality of plate pairs includes, but is not limited to, the
system disclosed in U.S. Pat. No. 8,398,828 to Winkie et al.,
entitled “Apparatus and Method for Treating Aqueous Solu-
tions and Contaminants Therein,” the content of which is
incorporated by reference in its entirety. In addition, it should
be appreciated in one or more examples of embodiments, the
plurality of plate pairs may be provided in parallel, may be
provided in series, or may be provided in a combination of
series and parallel arrangement within a PECO system.

In addition, the PECO system may distribute electricity to
the plate pairs through a plurality of channels. A channel may
be an electrical pathway for providing electricity to a single
plate pair, or to a group or plurality of plate pairs. Accord-
ingly, at least one plate pair may be associated with a channel;
however in one or more examples of embodiments, a plurality
of plate pairs may be associated with a channel.

Each channel provided in the PECO system may be elec-
trically isolated from the other channels of the PECO system.
This allows for the plate pair or plurality of plate pairs asso-
ciated with the channel to be electrically isolated from the
plate pair(s) associated with the other channels.

The PECO system may also include a circuit, a switch, a
controller, a switcher board, a programmable logic controller
(PLC), computer based controller, or other suitable controller
or device for reversing the potential, bias, polarity and/or
current applied to, between, or across the photoelectrode and
counterelectrode of each plate pair associated with each chan-
nel. For various applications, including, for example hydrau-
lic fracturing fluid or high-salinity applications, it may be
desirable to reverse the potential, bias, polarity and/or current
applied to or between the photoelectrode and the counterelec-
trode in order to clean or unfoul or remove fouling from the
photoelectrode and/or counterelectrode, or to otherwise
improve the performance of the photoelectrode, counterelec-
trode, or PECO device and/or PECO system. By reversing the
potential, bias, polarity and/or current, the photoelectrode is
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changed from an anode into a cathode, and the counterelec-
trode is changed from a cathode into an anode. The reversing
of potential, bias, polarity and/or current may be performed
periodically, intermittently, or based upon a predetermined
schedule.

For example, initially positive voltage is electrically con-
nected to a positive charge electrode and negative voltage is
electrically connected to a negative charge electrode. After
PECO operation for a first period of time, positive voltage is
electrically connected to the negative charge electrode, and
negative voltage is electrically connected to the positive
charge electrode for a second period of time. After the second
period of time, the positive voltage is electrically connected
back to the positive charge electrode and the negative voltage
is electrically connected back to the negative charge elec-
trode. This reversal process may be repeated as necessary or
desired.

The length of the first period of time and the second period
of time may be the same. In the alternative, in one or more
examples of embodiments, the length of the first period of
time and the second period of time are different. For example,
the first period of time, which is the time associated with
normal operation of the PECO system or device, is typically
longer than the second period of time, which is the amount of
time associated with polarity reversal operation of the PECO
system or device.

The length of the first and second periods of time depends
on a variety of factors including, but not limited to, the type of
aqueous solution being treated, the contaminants within the
aqueous solution, the salinity of the aqueous solution, appli-
cation of the PECO system, and/or the voltage applied to the
plate pairs through the channels. For example, hydraulic frac-
turing fluid or high salinity fluid applications may require
relatively more frequent reversal of potential, bias, polarity
and/or current compared to fresh water applications. In one or
more examples of embodiments, the lengths of the first period
oftime relative to the second period of time may preferably be
in a ratio range of about 1:1 to 25:1, and more preferably may
be in a ratio range of about 1:1 to 7:1. For example, in one or
more examples of embodiments, the first period of time may
be approximately 120 seconds, while the second period of
time may be approximately 20 seconds. Fresh water applica-
tions may require relatively less frequent reversal of potential,
bias, polarity and/or current, and the lengths of the first period
of time relative to the second period of time may be in a ratio
range ofabout 100:1 to 10:1. For example, in various embodi-
ments, the first period of time may be approximately 60
minutes, while the second period of time may be in a range of
about 1 minute to about 5 minutes.

In one or more examples of embodiments, the voltage
applied between the photoelectrode and counterelectrode
may not change during the first period of time of normal
potential and during the second period of time of reverse
potential. For example, where the photoelectrode includes
titanium and the apparatus and/or method are adapted for
treatment of hydraulic fracturing or other high salinity aque-
ous solutions, the voltage applied during the first period of
time may be less than about 9V, and more specifically may be
about 7.5V, and the voltage applied during the second period
of time may be less than about 9V, and more specifically may
be about 7.5V. In one or more other examples of embodi-
ments, for example where the photoelectrode includes tita-
nium and the apparatus and/or method are adapted for treat-
ment of fresh water, the voltage applied during the first period
of time may be greater than about 9V, and more specifically
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may be about 12V, and the voltage applied during the second
period of time may be greater than about 9V, and more spe-
cifically may be about 12V.

Maintaining the voltage in the first period of time and the
second period of time may help to unfoul or defoul or remove
fouling from the photoelectrode to help make the photoelec-
trode more effective for removing contaminants through pho-
toelectrocatalytic oxidation during the first period of time.
However, maintaining the voltage under 9V in each period of
time may cause a momentary disturbance in the removal of
contaminants during the second period of time. Thus, it may
be advantageous in certain applications to apply higher volt-
ages, for example a voltage greater than about 9V, during the
first period of time and second period of time. This may assist
in minimizing any such disturbance in the removal of con-
taminants and/or to help cause electroprecipitation and/or
electrocoagulation.

The voltage may be adjusted to control the rate of dissolu-
tion of the electrode. For example, the voltage applied during
the first period of time may be more than about 9V, and more
specifically may be about 12V, and the voltage applied during
the second period of time may be more than about 9V, and
more specifically may be about 12V. Higher voltages may
help optimize the effectiveness of the PECO device in certain
ways. Higher voltages may also lead to electroprecipitation or
electrocoagulation of contaminants within or from the fluid.
However, such higher voltages may also lead to anodic dis-
solution such as pitting and other degradation of the photo-
electrode and/or counterelectrode, which may necessitate
more frequent servicing of the PECO device, including, but
not limited to, replacement of the photoelectrode, the foil,
and/or the counterelectrode.

In one or more examples of embodiments, it may be advan-
tageous to apply different voltages during the first time period
than the second time period. For example, it may be advan-
tageous to apply relatively lower voltages during the first
period of time, and relatively higher voltages during the sec-
ond period of time. This may assist in limiting any anodic
dissolution, or pitting, or other degradation of the photoelec-
trode. For example, the voltage applied during the first period
of'time may be less than about 9V, and more specifically may
be about 7.5V. The voltage applied during the second period
of time may be more than about 9V, and more specifically
may be in a range of about 12V to about 14V. For example, for
hydraulic fracturing fluid or higher salinity applications, the
voltage during the second time period may be about 12V,
while for fresh water applications, the voltage during the
second time period may be about 14V. In one or more
examples of embodiments, during application of relatively
lower voltage during the first period of time, contaminants are
degraded, or the removal of contaminants is promoted, by
photoelectrocatalytic oxidation, and during application of a
relatively higher voltage during the second period of time,
contaminants are degraded, or the removal of contaminants is
promoted, by an electrochemical process such as electropre-
cipitation and/or electrocoagulation.

In one or more examples of embodiments, during the sec-
ond period of time, the counterelectrode or sacrificial elec-
trode of titanium may be dissolved at least in part by anodic
dissolution. It is believed that a range of coagulant species of
hydroxides are formed, for example by electrolytic oxidation
of the sacrificial counterelectrode, which hydroxides help
destabilize and coagulate the suspended particles or precipi-
tate and/or adsorb dissolved contaminants.
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In various embodiments, the main reaction occurring at the
counterelectrodes or sacrificial electrodes during the second
period of time of polarity reversal is dissolution:

Tl = Ti*+4e”

In addition, water is electrolyzed at the counterelectrode (or
sacrificial electrode) and photoelectrode:

2H,0+2e"—=Hy(,,#20H™ (cathodic reaction)

2H,0—=4H"+0,y+de” (anodic reaction)

In various embodiments, electrochemical reduction of metal
cations (Me”™") occurs at the photoelectrode surface:

Me™" " +ne”—nMe®

Higher oxidized metal compounds (e.g., Cr(VI)) may also be
reduced (e.g. to Cr(IIl)) about the photoelectrode:

Cr,02 +6e +7H,0—2Cr3*+140H"

In various embodiments, hydroxide ions formed at the pho-
toelectrode increase the pH of the solution which induces
precipitation of metal ions as corresponding hydroxides and
co-precipitation with metal (e.g. Ti) hydroxides:

Me"*+1#OH™—=Me(OH),,

In addition, anodic metal ions and hydroxide ions generated
react in the solution to form various hydroxides and built up
polymers:

Ti*+40H —Ti(OH),(

HTI(OH) 4y = Ti,,(OH) (s

However, depending on the pH of the solution other ionic
species may also be present. The suspended titanium hydrox-
ides can help remove pollutants from the solution by sorption,
co-precipitation or electrostatic attraction, and coagulation.
For a particular electrical current flow in an electrolytic cell,
the mass of metal (e.g. Ti) theoretically dissolved from the
counterelectrode or sacrificial electrode is quantified by Fara-
day’s law.

M
T F

where m is the amount of counterelectrode or sacrificial elec-
trode material dissolved (g), I the current (A), t the electroly-
sis time (s), M the specific molecular weight (g mol™), z the
number of electrons involved in the reaction and F is the
Faraday’s constant (9648534 As mol™'). The mass of
evolved hydrogen and formed hydroxyl ions may also be
calculated.

In one or more examples of embodiments, it may be advan-
tageous to apply relatively higher voltages during the first
period of time, and relatively lower voltages during the sec-
ond period of time. This may assist in limiting any anodic
dissolution, or pitting, or other degradation of the photoelec-
trode. For example, the voltage applied during the first period
of time may in a range of about 6V to 12V, and more specifi-
cally may be about 7.5V. The voltage applied during the
second period of time may be in a range of about 0.6V to 12V.
For example, during application of relatively higher voltage
during the first period of time, contaminants are degraded, or
the removal of contaminants is promoted, by photoelectro-
catalytic oxidation, and during application of a relatively
lower voltage during the second period of time, contaminants
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are degraded, or the removal of contaminants is promoted, by
and electrochemical process such electroprecipitation or
electrocoagulation.

In various embodiments, during the second period of time,
an aluminum counterelectrode or sacrificial electrode is dis-
solved at least in part by anodic dissolution. It is believed that
a range of coagulant species of hydroxides are formed (e.g.,
by electrolytic oxidation of the sacrificial counterelectrode),
which hydroxides help destabilize and coagulate the sus-
pended particles or precipitate and/or adsorb dissolved con-
taminants.

Invarious embodiments, the main reaction occurring at the
counterelectrodes or sacrificial electrodes during the second
period of time (e.g., during polarity reversal) is dissolution:

Al y—=Al*+3e

Additionally, water is electrolyzed at the counterelectrode (or
sacrificial electrode) and photoelectrode:

2H,0+2¢"—=H,,+20H" (cathodic reaction)

2H,0—=4H"+0,+4e” (anodic reaction)

In various embodiments, electrochemical reduction of metal
cations (Me™) occurs at the photoelectrode surface:

Me"*+ne”—nMe®

Higher oxidized metal compounds (e.g., Cr(VI)) may also be
reduced (e.g. to Cr(III)) about the photoelectrode:

Cr,0,2+6e +7TH,0—2Cr3*+140H~

In various embodiments, hydroxide ions formed at the pho-
toelectrode increase the pH of the solution which induces
precipitation of metal ions as corresponding hydroxides and
co-precipitation with metal (e.g., Al) hydroxides:

Me"*+1#OH™—=Me(OH),,

In addition, anodic metal ions and hydroxide ions generated
react in the solution to form various hydroxides and built up
polymers:

AP*+30H —AI(OH)s,,

nAI(OH);3,"—>AL,(OH)3,,(5,

However, depending on the pH of the solution other ionic
species, such as dissolved AI(OH)**, Al,(OH),** and Al
(OH),~ hydroxo complexes may also be present. The sus-
pended aluminum hydroxides can help remove pollutants
from the solution by sorption, co-precipitation or electrostatic
attraction, and coagulation.

For a particular electrical current flow in an electrolytic cell,
the mass of metal (e.g. Al) theoretically dissolved from the
counterelectrode or sacrificial electrode is quantified by Fara-
day’s law.

M
m=—
F

where m is the amount of counterelectrode or sacrificial elec-
trode material dissolved (g), I the current (A), t the electroly-
sis time (s), M the specific molecular weight (g mol™), z the
number of electrons involved in the reaction and F is the
Faraday’s constant (9648534 As mol™'). The mass of
evolved hydrogen and formed hydroxyl ions may also be
calculated.

The foregoing presents one or more examples of embodi-
ments of a PECO device and/or system. PECO system may
include one or more embodiments of a polarity reversal sys-
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tem or program or application 200, 300. Polarity reversal
program 200, 300 may be provided on a machine-readable or
computer-readable medium or electronically readable stor-
age medium which is in operable communication with the
PECO system. Polarity reversal program 200, 300 may be
prepared or written in any suitable programming language
which enables communication with and/or control of certain
elements of the PECO system as described herein. The steps
recited in association with polarity reversal program 200,300
may reside or be stored as one or more instructions or pro-
gram parameters which may be executable by polarity rever-
sal program 200, 300 and/or the PECO system. In one or more
examples of embodiments, the electronically readable stor-
age medium may include any data storage device which can
store data that can be thereafter read by an electronic or
computer system. Examples of electronically readable stor-
age medium may include, but is not limited to, a computer
hard drive, non-volatile memory, read-only memory, CD-
ROM, CD-R, CD-RW, DVD, DVD-RW, magnetic tapes, Uni-
versal Serial Bus (USB) flash drive, or any other suitable data
storage device.

Referring to FIGS. 3 and 4, the respective polarity reversal
program 200, 300 includes a series of steps or processing
instructions which are depicted in flow chart or flow diagram
form. Polarity reversal program 200, 300 may be imple-
mented on a controller in association with the PECO system,
for example, but not limited to, a programmable logic con-
troller.

Referring now to FIG. 3, polarity reversal program 200 is
provided. At step 202, operation of polarity reversal program
200 initiates in association with initiation of operation of the
PECO system. During initiation of the PECO system, each of
the plate pairs will begin operating in their respective normal
manner with normal electrical current bias or polarity. For
example, the plate pairs will operate in accordance with the
present disclosure.

Next at step 204, a counter, Counter 1 or first counter, may
be reset to an initial value. Counter 1 represents a counter for
identifying each channel within polarity reversal program
200. More specifically, the plate pairs of the PECO system
may be divided into a number of channels, N. Each channel
may be associated with a single plate pair, or a plurality of
plate pairs. Each channel also provides power to the associ-
ated plate pair or plurality of plate pairs for the associated
polarity or bias. The PECO system may have N number of
channels, where N is a preprogrammed integer or constant
corresponding to the total number of channels provided in the
PECO system. Counter 1 may be used to systematically
progress through each of the channels of the PECO system, as
each channel will have a preprogrammed assigned number
(i.e. the first channel will be identified as Channel 1, the
second channel will be identified as Channel 2, up to the Nth
channel which will be identified as Channel N). As illustrated
in FIG. 3, Counter 1 may be a “count-up” counter. Accord-
ingly, Counter 1 may be reset to zero at step 204. In one or
more examples of embodiments, Counter 1 may be a “count-
down” counter which is reset to the preprogrammed number
of channels N at step 204. In one or more examples of
embodiments, preprogrammed integer or constant N may be
greater than the number of channels actually provided in the
PECO system. In such an arrangement, the additional chan-
nels provided in the constant N are treated as phantom or
virtual channels. This allows program 200 to operate a cycle
while all of the channels with one or more plate pairs associ-
ated therewith operate normally, or with polarity in a stan-
dard, non-reversed position.
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At step 206, the channel number stored or held in Counter
1 may be increased or incremented by a first channel incre-
ment or value. A desired or predetermined first channel incre-
ment may be the integer “one,” or any other unit which may be
used to correspond to the preprogrammed channels. When
increased or incremented, the new value is stored in Counter
1. In one or more examples of embodiments, Counter 1 may
be decreased or decremented by a desired first channel incre-
ment in association with a “count-down” counter.

Next, at step 208, program 200 determines if the current
channel number stored in Counter 1, and which was previ-
ously adjusted at step 206, is greater than the preset or pre-
programmed number of channels N provided in the PECO
System. This determination ascertains whether program 200
has cycled through all of the channels.

Ifthe determination at step 208 is “no,” the current channel
number stored in Counter 1 is not greater than N, program 200
moves to step 210 to identify the channel which corresponds
to the value stored in Counter 1.

At step 210, program 200 identifies the channel which
corresponds to the value presently stored in Counter 1. As
indicated, each channel of the PECO system will be pre-
assigned an identifier, such as a number. The identifiers are
preferably integers and spaced to correspond with the first
channel increment. For example, if a PECO system has six
channels, each channel may be assigned a respective, indi-
vidual identifier corresponding to 1 though 6, with the first
channel increment being “1.” Program 200 will be able to
determine which channel is associated with each associated
identifier. It should be appreciated that the number of identi-
fiers needed for the channels will correspond with N number
of channels.

At step 212, a first timer, Timer 1, may be reset to an initial
time period value. Timer 1 represents the reverse polarity
timer for a channel. More specifically, Timer 1 may represent
the measured length of time in which a channel operates with
polarity reversed. Timer 1 may be used to ensure a preset or
predetermined amount of time passes in which the channel
operates with polarity reversed. As illustrated in FIG. 3, Timer
1 may be a “count-up” timer. Accordingly, Timer 1 may be
reset to zero at step 212. In one or more examples of embodi-
ments, Timer 1 may be a “count-down” timer which is reset to
a predetermined amount of time at step 212.

At step 214, the polarity or current applied to the channel
identified in step 210 and associated with the value stored in
Counter 1 is reversed. As such, the anode/photoanode of the
plate pair or plurality of plate pairs of the channel acts a
cathode, and the cathode/counterelectrode of the plate pair or
plurality of plate pairs of the channel acts as an anode. During
this period of reversed polarity, the plate pair or plurality of
plate pairs of the channel advantageously has fouling or scale
removed or released.

At step 216, program 200 determines if the current time
period value stored in Timer 1 is greater than a first predeter-
mined time period or first time period, Variable 1 or “R.” The
first predetermined time period stored in Variable 1 or R is a
predetermined or preprogrammed amount of time in which
the plate pairs should operate with polarity reversed. It should
be appreciated that Variable 1 or R may be a preset amount of
time or a predetermined amount of time. In addition, the
amount of time preset, entered, and/or stored as Variable 1 or
R may be entered by the manufacturer or by a user. In one or
more examples of embodiments, program 200 determines if
Timer 1 is less than zero in association with a “count-down”
timer.
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If the determination at step 216 is “no,” the current time
period value stored in Timer 1 is not greater than Variable 1,
program 200 moves to step 218.

At step 218, the current time period stored or held in Timer
1 may be increased or incremented by a desired first time
increment. A desired first time increment may be one second,
thirty seconds, one minute, or any desired amount of second
and/or minutes. In one or more examples of embodiments,
Timer 1 may be decreased or decremented by a desired first
time increment in association with a “count-down” timer.
Program 200 will then return to and repeat step 216. Steps 216
and 218 subsequently repeat until the determination at step
216 is “yes.”

If the determination at step 216 is “yes,” the current time
value stored in Timer 1 is greater than Variable 1, program 200
moves to step 220. In one or more examples of embodiments
in association with a “count-down” timer, the “no” determi-
nation at Step 216 occurs when Timer 1 is greater than zero,
while the “yes” determination occurs when Timer 1 is not
greater than zero.

At step 220, program 200 terminates the period of reversed
polarity for the channel identified in step 210. As such, pro-
gram 200 effectively reverses the polarity or bias a second
time. The anode/photoanode of the plate pair or plurality of
plate pairs of the channel returns to operate as an anode/
photoanode, and the cathode/counterelectrode of the plate
pair or plurality of plate pairs of the channel returns to operate
as a cathode/counterelectrode.

Program 200 then returns to Step 206, and the process
repeats, with the value stored in Counter 1 increasing or
incrementing by the first channel increment. Steps 206 to 220
shall repeat until the determination at step 208 is “yes,” the
current channel number stored in Counter 1 is greater than N,
the preprogrammed integer corresponding to the total number
of channels in the PECO system.

Once Counter 1 is greater than N, this means the polarity of
all channels has been systematically reversed, and the entire
process of switching polarity in each channel should be
repeated. As such, program 200 will move back to step 204,
resetting Counter 1, and the steps 204 to 220 will repeat in
accordance with the disclosure provided herein. Program 200
will continue to systematically execute steps 204 to 220 in
accordance with the disclosure herein to systematically
reverse the polarity of the channels until the PECO system is
deactivated or program 200 is terminated.

To further illustrate operation and use of program 200, the
following provides an example of certain operational sce-
narios using certain system conditions. The scenarios and
associated system conditions are provided as an example, and
should not be construed as limiting in any way. Any number
or combination of system conditions may be realized in asso-
ciation with a PECO system and associated program 200.

As an example of operation of program 200, the system
may have the following hypothetical system conditions: all
timers will be “count-up” timers, the counter initial value will
be zero (0), the first channel increment will be one (1), the
number of channels of PECO system N will be six (6), the
initial time period value of Timer 1 will be zero (0), Variable
1 will be twenty (20) seconds, and the first time increment
will be one (1) second.

At step 202, Polarity reversal program 200 will initiate in
association with operation of the PECO system. Next, at step
204, Counter 1 or first counter will be reset to zero, the
counter initial value. At step 206, Counter 1 will be increased
by the first channel increment. Accordingly, Counter 1 will be
increased to one (1).
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Next, at step 208, program 200 will determine if Counter 1
is greater than six (6), the number of preset channels of PECO
system stored in “N.” Since the answer will be no, program
200 will proceed to step 210. At step 210, the channel asso-
ciated with the value stored in Counter 1 will be identified.
Since Counter 1 has the number one (1) stored in it, program
200 will identify “Channel 1.” Next, at step 212, Timer 1 or
the first timer will be reset to the initial time period value of
zero. At step 214, the polarity will be reversed in the plate pair
or plurality of plate pairs associated with “Channel 1.7

Next, at step 216, program 200 will determine if the value
in Timer 1 is greater than Variable 1, which is twenty (20)
seconds. Since Timer 1 is zero (0), Timer 1 is not greater than
Variable 1, and program 200 moves to step 218.

At step 218, Timer 1 is increased by the first time incre-
ment, which is one (1) second. Program 200 will then return
to step 216. Steps 216 and 218 repeat until the value stored in
Timer 1 is greater than Variable 1, meaning Timer 1 is greater
than twenty (20) seconds.

Once Timer 1 is greater than twenty (20) seconds, program
200 moves to step 220 where the polarity provided to the plate
pair or plurality of plate pairs associated with “Channel 1” is
reversed back to the original polarity. Program 200 will then
move to step 206.

Atsstep 206, Counter 1 will again be increased by increased
by the first channel increment. Accordingly, Counter 1 will
now be increased to two (2).

Next, at step 208, program 200 will determine if Counter 1
is greater than six (6), the number of preset channels of PECO
system stored in “N.” Since the answer will be no, program
200 will proceed to step 210. At step 210, the channel asso-
ciated with the value stored in Counter 1 will be identified.
Since Counter 1 now has the number two (2) stored in it,
program 200 will identify “Channel 2.” Next, at step 212,
Timer 1 or the first timer will be reset to the initial time period
value of zero. At step 214, the polarity will be reversed in the
plate pair or plurality of plate pairs associated with “Channel
2.7 Next, steps 216 and 218 will repeat until Timer 1 exceeds
Variable 1, meaning Timer 1 is greater than twenty (20)
seconds.

Once Timer 1 is greater than twenty (20) seconds, program
200 moves to step 220 where the polarity provided to the plate
pair or plurality of plate pairs associated with “Channel 2 is
reversed back to the original polarity. Program 200 will then
move to step 206.

This process will repeat until Counter 1 is greater than the
number of preset channels of PECO system stored in “N.”
Accordingly, this process will repeat for all six (6) of the
channels associated with the PECO system. Once Counter 1
reaches seven at step 206, program 200 will determine that
Counter 1 does exceed the number of preset channels of
PECO system stored in “N” at step 208. Program 200 will
then move back to step 204, Counter 1 will be reset to zero, the
counter initial value, and the entire process will repeat. This
will systematically provide for the reversal of polarity for
each channel associated with the PECO system.

Referring now to FIG. 4, polarity reversal program 300 is
provided. At step 302, operation of polarity reversal program
300 initiates in association with initiation of operation of the
PECO system. During initiation of the PECO system, each of
the plate pairs will begin operating in their respective normal
manner with normal electrical current bias or polarity. For
example, the plate pairs will operate in accordance with the
present disclosure.

Next at step 304, a counter, Counter 1 or first counter, may
be reset to an initial value. Counter 1 represents a counter for
identifying each channel within polarity reversal program
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300. More specifically, the plate pairs of the PECO system
may be divided into a number of channels, N. Each channel
may be associated with a single plate pair, or a plurality of
plate pairs. Each channel also provides power to the associ-
ated plate pair or plurality of plate pairs for the associated
polarity or bias. The PECO system may have N number of
channels, where N is a preprogrammed integer or constant
corresponding to the total number of channels provided in the
PECO system. Counter 1 may be used to systematically
progress through each of the channels of the PECO system, as
each channel will have a preprogrammed assigned number
(i.e. the first channel will be identified as Channel 1, the
second channel will be identified as Channel 2, up to the Nth
channel which will be identified as Channel N). As illustrated
in FIG. 4, Counter 1 may be a “count-up” counter. Accord-
ingly, Counter 1 may be reset to zero at step 304. In one or
more examples of embodiments, Counter 1 may be a “count-
down” counter which is reset to the preprogrammed number
of channels N at step 304.

At step 306, a first timer, Timer 1, may be reset to an initial
time period value. Timer 1 represents the timer measuring the
total operational cycle or cycle timer of program 300. More
specifically, Timer 1 represents the total measured length of
time in which all of the channels provided in the PECO
system have had an opportunity to operate with the polarity
reversed. As illustrated in FIG. 4, Timer 1 may be a “count-
up” timer. Accordingly, Timer 1 may be reset to zero at step
306. In one or more examples of embodiments, Timer 1 may
be a “count-down” timer which is reset to a predetermined
amount of time at step 306.

Next, at step 310, program 300 determines if the current
time period for the cycle timer stored in Timer 1 is greater than
a first predetermined cycle time period or first time period,
Variable 1. The first predetermined cycle time period stored in
Variable 1 may be a predetermined or preprogrammed
amount of time, or may be a calculated amount of time. In
either case, the first predetermined cycle time period stored in
Variable 1 must be equal to, greater than, or not less than the
predetermined or preprogrammed amount of time in which
each channel should operate with polarity reversed (stored in
Variable 2 or R) multiplied by the number of channels pro-
vided in the PECO assembly (stored in Variable N). Stated
otherwise, the formula to calculate the minimum amount of
time for the value of Variable 1 would be “RxN” or “Variable
2xN.” In one or more examples of embodiments, program
300 determines if Timer 1 is less than zero in association with
a “count-down” timer.

At step 312, the channel number stored or held in Counter
1 may be increased or incremented by a first channel incre-
ment or value. A desired or predetermined first channel incre-
ment may be the integer “one,” or any other unit which may be
used to correspond to the preprogrammed channels. When
increased or incremented, the new value is stored in Counter
1. In one or more examples of embodiments, Counter 1 may
be decreased or decremented by a desired first channel incre-
ment in association with a “count-down” counter.

Next, at step 314, program 300 determines if the channel
number stored in Counter 1, and which was previously
adjusted at step 312, is greater than the preset or prepro-
grammed number of channels N provided in the PECO Sys-
tem. This determination ascertains whether program 300 has
cycled through all of the channels.

If'the determination at step 314 is “no,” the current channel
number stored in Counter 1 is not greater than N, program 300
moves to step 316 to identify the channel which corresponds
to the value stored in Counter 1.
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At step 316, program 300 identifies the channel which
corresponds to the value presently stored in Counter 1. As
indicated, each channel of the PECO system will be pre-
assigned an identifier, such as a number. The identifiers are
preferably integers and spaced to correspond with the first
channel increment. For example, if a PECO system has eight
channels, each channel may be assigned a respective, indi-
vidual identifier corresponding to 1 though 8, with the first
channel increment being “1.” Program 300 will be able to
determine which channel is associated with each associated
identifier. It should be appreciated that the number of identi-
fiers needed for the channels will correspond with N number
of channels. In addition, the individual identifiers may be
randomly or strategically assigned to each channel as long as
each channel only has one identifier.

At step 318, a second timer, Timer 2, may be reset to an
initial time period value. Timer 2 represents the reverse polar-
ity timer for a channel. More specifically, Timer 2 may rep-
resent the measured length of time in which a channel oper-
ates with polarity reversed. Timer 2 may be used to ensure a
preset or predetermined amount of time passes in which the
channel operates with polarity reversed. As illustrated in FIG.
4, Timer 2 may be a “count-up” timer. Accordingly, Timer 2
may be reset to zero at step 318. In one or more examples of
embodiments, Timer 2 may be a “count-down” timer which is
reset to a predetermined amount of time at step 318.

At step 320, the polarity or current applied to the channel
identified in step 316 and associated with the value stored in
Counter 1 is reversed. As such, the anode/photoanode of the
plate pair or plurality of plate pairs of the channel acts a
cathode, and the cathode/counterelectrode of the plate pair or
plurality of plate pairs of the channel acts as an anode. During
this period of reversed polarity, the plate pair or plurality of
plate pairs of the channel advantageously has fouling or scale
removed or released.

At step 322, program 300 determines if the current time
period value stored in Timer 2 is greater than a second pre-
determined time period, Variable 2 or “R.” The second pre-
determined time period stored in Variable 2 or R is a prede-
termined or preprogrammed amount of time in which the
plate pairs should operate with polarity reversed. It should be
appreciated that Variable 2 or R may be a preset amount of
time or a predetermined amount of time. In addition, the
amount of time preset, entered, and/or stored as Variable 2 or
R may be entered by the manufacturer or by a user. In one or
more examples of embodiments, program 300 determines if
Timer 2 is less than zero in association with a “count-down”
timer.

If the determination at step 322 is “no,” the current time
period value stored in Timer 2 is not greater than Variable 2,
program 300 moves to step 324.

At step 324, the current time period stored or held in Timer
2 may be increased or incremented by a desired second time
increment. A desired second time increment may be one
second, thirty seconds, one minute, or any desired amount of
second and/or minutes. In one or more examples of embodi-
ments, Timer 2 may be decreased or decremented by a desired
second time increment in association with a “count-down”
timer. Program 300 will then return to and repeat step 322.
Steps 322 and 324 subsequently repeat until the determina-
tion at step 322 is “yes.”

If the determination at step 322 is “yes,” the current time
value stored in Timer 2 is greater than Variable 2, program 300
moves to step 326. In one or more examples of embodiments
in association with a “count-down” timer, the “no” determi-



US 9,045,357 B2

17

nation at Step 322 occurs when Timer 2 is greater than zero,
while the “yes” determination occurs when Timer 2 is not
greater than zero.

At step 326, program 300 terminates the period of reversed
polarity for the channel identified in step 316. As such, pro-
gram 300 effectively reverses the polarity or bias a second
time. The anode/photoanode of the plate pair or plurality of
plate pairs of the channel returns to operate as an anode/
photoanode, and the cathode/counterelectrode of the plate
pair or plurality of plate pairs of the channel returns to operate
as a cathode/counterelectrode.

Next, at step 328 the value stored in Timer 2 may be added
to the value stored in Timer 1. The combined value may be
stored in Timer 1. It should be appreciated in one or more
examples of embodiments, that step 328 is optional. In the
alternative, following step 306, the cycle time timer, Timer 1,
may operate in the background and concurrently as Steps 312
t0 326 are being implemented. In such an arrangement, Timer
1 may be a count-up or a count-down timer which tracks the
total cycle time of program 300 independently of Timer 2.

Program 300 then returns to Step 310, and steps 310 to 328
repeat until the determination at step 310 is “yes,” value
stored in Timer 1 is greater than the first predetermined cycle
time period stored in Variable 1. Once Timer 1 is greater than
Variable 1, this means the cycle time period has completed,
and another cycle time period should be initiated. As such,
program 300 will move back to step 304, resetting Counter 1
and Timer 1, and steps 310 to 328 will repeat in accordance
with the disclosure provided herein. Program 300 will con-
tinue to systematically execute steps 304 to 328 in accordance
with the disclosure herein to systematically reverse the polar-
ity of the channels until the PECO system is deactivated or
program 300 is terminated.

It should be appreciated in situations where the first pre-
determined cycle time period stored in Variable 1 exceeds the
minimum amount of time for a cycle time, which is calculated
through the formula “Variable 2xN.” In this situation, when
the Counter 1 is greater than N, the polarity of all channels of
the PECO system has been systematically reversed. Program
300 will move from step 314 to step 315, where Timer 1 may
be increased or incremented by a desired first time increment.
A desired first time increment may be one second, thirty
seconds, one minute, or any desired amount of second and/or
minutes. In one or more examples of embodiments, Timer 1
may be decreased or decremented by a desired second time
increment in association with a “count-down” timer. Program
300 will then move to step 310, cycling between steps 310,
312, 314, and 315 until the determination at step 310 is “yes.”

To further illustrate operation and use of program 300, the
following provides an example of certain operational sce-
narios using certain system conditions. The scenarios and
associated system conditions are provided as an example, and
should not be construed as limiting in any way. Any number
or combination of system conditions may be realized in asso-
ciation with a PECO system and associated program 300.

As an example of operation of program 300, the system
may have the following hypothetical system conditions: all
timers will be “count-up” timers, the counter initial value will
be zero (0), the cycle timer initial value will be zero (0),
Variable 1 will one hundred eighty (180) seconds, the first
channel increment will be one (1), the number of channels of
PECO system N will be eight (8), the first time increment will
be one (1) second, the initial time period value of Timer 2 will
be zero (0), Variable 2 will be twenty (20) seconds, and the
second time increment will be one (1) second.

At step 302, Polarity reversal program 300 will initiate in
association with operation of the PECO system. Next, at step
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304, Counter 1 or first counter or channel counter will be reset
to zero, the counter initial value. At step 306, Timer 1 or the
first timer will be reset to the initial time period value of zero.
Next, at step 310 program 300 will determine if the value in
Timer 1 is greater than Variable 1, which is one hundred
eighty (180) seconds. Since Timer 1 is “zero,” Timer 1 is not
greater than Variable 1, and program 300 moves to step 312.

Atsstep 312, Counter 1 will be increased by the first channel
increment of one. Accordingly, Counter 1 will be increased to
one (1). Next, at step 314, program 300 will determine if
Counter 1 is greater than eight (8), the number of preset
channels of PECO system stored in “N.” Since the answer
will be no, program 300 will proceed to step 316. At step 316,
the channel associated with the value stored in Counter 1 will
be identified. Since Counter 1 has the number one (1) stored
in it, program 300 will identify “Channel 1.” Next, at step 318,
Timer 2 or the second timer will be reset to the initial time
period value of zero. At step 320, the polarity will be reversed
in the plate pair or plurality of plate pairs associated with
“Channel 1.”

Next, at step 322, program 300 will determine if the value
in Timer 2 is greater than Variable 2, which is twenty (20)
seconds. Since Timer 2 is “zero,” Timer 2 is not greater than
Variable 2, and program 300 moves to step 324.

At step 324, Timer 2 is increased by the second time incre-
ment, whichis one (1) second. Program 300 will return to step
322. Steps 322 and 324 repeat until the value stored in Timer
2 is greater than Variable 2, meaning Timer 2 is greater than
twenty (20) seconds.

Once Timer 2 is greater than twenty (20) seconds, program
300 moves to step 326 where the polarity provided to the plate
pair or plurality of plate pairs associated with “Channel 1” is
reversed back to the original polarity. Program 300 will then
move to step 328. At step 328, the amount of time stored in
Timer 2, which is twenty (20) seconds, is added to the amount
of'time stored in Timer 1, which is zero (0) seconds. This total
is then stored in Timer 1. Accordingly, Timer 1 will now total
twenty (20) seconds. Program 300 then returns to step 310.

At step 310, program 300 will determine if the value in
Timer 1 is greater than Variable 1, which is one hundred
eighty (180) seconds. Since Timer 1 is twenty (20) seconds,
Timer 1 is not greater than Variable 1, and program 300 moves
to step 312.

Atstep 312, Counter 1 will again be increased by increased
by the first channel increment. Accordingly, Counter 1 will
now be increased to two (2).

Next, at step 314, program 300 will determine if Counter 1
is greater than eight (8), the number of preset channels of
PECO system stored in “N.” Since the answer will be no (two
is not greater than eight), program 300 will proceed to step
316. At step 316, the channel associated with the value stored
in Counter 1 will be identified. Since Counter 1 now has the
number two (2) stored in it, program 300 will identify “Chan-
nel 2’ Next, at step 318, Timer 12 or the second timer will be
reset to the initial time period value of zero (0). At step 320,
the polarity will be reversed in the plate pair or plurality of
plate pairs associated with “Channel 2. Next, steps 322 and
324 will repeat until Timer 2 exceeds Variable 2, meaning
Timer 2 is greater than twenty (20) seconds.

Once Timer 2 is greater than twenty (20) seconds, program
300 moves to step 326 where the polarity provided to the plate
pair or plurality of plate pairs associated with “Channel 2 is
reversed back to the original polarity. Program 300 will then
move to step 328. At step 328, the amount of time stored in
Timer 2, which is twenty (20) seconds, is added to the amount
of'time stored in Timer 1, which is twenty (20) seconds. This
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total is then stored in Timer 1. Accordingly, Timer 1 will now
total forty (40) seconds. Program 300 then returns to step 310.

This process will repeat until Counter 1 is greater than the
number of preset channels of PECO system stored in “N.”
Accordingly, this process will repeat for all eight (8) of the
channels associated with the PECO system. Once Counter 1
reaches nine at step 312, program 300 will determine that
Counter 1 does exceed the number of preset channels of
PECO system stored in “N” at step 314. Program 300 will
then move to step 315, where Timer 1 will be increased by the
first time increment of one (1) second. After completion of
cycling though the eight (8) channels associated with the
PECO system, the amount of time in Timer 1 will be one
hundred sixty (160) seconds. Accordingly, one second will be
addedto Timer 1, and Steps 310,312, 314, and 315 will repeat
until Timer 1 exceeds Variable 1. Once Timer 1 exceeds
variable 1, program 300 will move back to step 304, Counter
1 will be reset to zero, Timer 1 will be reset to zero, and the
entire process will repeat. This will systematically provide for
the reversal of polarity for each channel associated with the
PECO system.

It should be appreciated that by rotating between channels,
program 200, 300 advantageously reverses polarity in a por-
tion of the plate pairs or plurality of plate pairs provided in the
PECO system. As such, the remaining plate pair or plurality
of'plate pairs which are operating “normally” and continue to
drive the PECO reaction, continuing to treat the aqueous
solution. This provides for descaling or the removal of fouling
from components of the plate pairs or plurality of plate pairs
without substantially interrupting operation of the PECO sys-
tem.

As utilized herein, the terms “approximately,” “about,”
“substantially”, and similar terms are intended to have a broad
meaning in harmony with the common and accepted usage by
those of ordinary skill in the art to which the subject matter of
this disclosure pertains. It should be understood by those of
skill in the art who review this disclosure that these terms are
intended to allow a description of certain features described
and claimed without restricting the scope of these features to
the precise numerical ranges provided. Accordingly, these
terms should be interpreted as indicating that insubstantial or
inconsequential modifications or alterations of the subject
matter described and claimed are considered to be within the
scope of the invention as recited in the appended claims.

It should be noted that references to relative positions (e.g.,
“top” and “bottom”) in this description are merely used to
identify various elements as are oriented in the Figures. It
should be recognized that the orientation of particular com-
ponents may vary greatly depending on the application in
which they are used.

For the purpose of this disclosure, the term “coupled”
means the joining of two members directly or indirectly to
one another. Such joining may be stationary in nature or
moveable in nature. Such joining may be achieved with the
two members or the two members and any additional inter-
mediate members being integrally formed as a single unitary
body with one another or with the two members or the two
members and any additional intermediate members being
attached to one another. Such joining may be permanent in
nature or may be removable or releasable in nature.

It is also important to note that the construction and
arrangement of the system, methods, and devices as shown in
the various examples of embodiments is illustrative only.
Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review
this disclosure will readily appreciate that many modifica-
tions are possible (e.g., variations in sizes, dimensions, struc-
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tures, shapes and proportions of the various elements, values
of parameters, mounting arrangements, use of materials, col-
ors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter recited.
For example, elements shown as integrally formed may be
constructed of multiple parts or elements show as multiple
parts may be integrally formed, the operation of the interfaces
may be reversed or otherwise varied, the length or width of the
structures and/or members or connector or other elements of
the system may be varied, the nature or number of adjustment
positions provided between the elements may be varied (e.g.,
by variations in the number of engagement slots or size of the
engagement slots or type of engagement). The order or
sequence of any process or method steps may be varied or
re-sequenced according to alternative embodiments. Other
substitutions, modifications, changes and omissions may be
made in the design, operating conditions and arrangement of
the various examples of embodiments without departing from
the spirit or scope of the present inventions.

Although various representative examples of embodiments
of this invention have been described above with a certain
degree of particularity, those skilled in the art could make
numerous alterations to the disclosed embodiments without
departing from the spirit or scope of the inventive subject
matter set forth in the specification and claims. In some
instances, in methodologies directly or indirectly set forth
herein, various steps and operations are described in one
possible order of operation, but those skilled in the art will
recognize that steps and operations may be rearranged,
replaced, or eliminated without necessarily departing from
the spirit and scope of the present invention. It is intended that
all matter contained in the above description or shown in the
accompanying drawings shall be interpreted as illustrative
only and not limiting. Changes in detail or structure may be
made without departing from the spirit of the invention as
defined in the appended claims.

Moreover, some portions of the detailed descriptions
herein are presented in terms of procedures, steps, logic
blocks, processing, and other symbolic representations of
operations on data bits that can be performed on computer
memory. These descriptions and representations are the
means used by those skilled in the data processing arts to most
effectively convey the substance of their work to others
skilled in the art. A procedure, computer executed step, logic
block, process, etc., is here, and generally, conceived to be a
self-consistent sequence of steps or instructions leading to a
desired result. The steps are those requiring physical manipu-
lations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated in a computer system. It should be
borne in mind, however, that all of these and similar terms are
to be associated with the appropriate physical quantities and
are merely convenient labels applied to these quantities.
Unless specifically stated otherwise as apparent from the
discussions herein, it is appreciated that throughout the
present invention, discussions utilizing terms such as “receiv-
ing,” “sending,” “generating,” “reading,” “invoking,” “select-
ing,” and the like, refer to the action and processes of a
computer system, or similar electronic computing device,
including an embedded system, that manipulates and trans-
forms data represented as physical (electronic) quantities
within the computer system.

Although the present invention has been described with
reference to particular embodiments, persons skilled in the art
will recognize that changes may be made in form and detail
without departing from the spirit and scope of the invention.

29 < 29 < 29 <
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While this invention has been described in conjunction
with the examples of embodiments outlined above, various
alternatives, modifications, variations, improvements and/or
substantial equivalents, whether known or that are or may be
presently foreseen, may become apparent to those having at
least ordinary skill in the art. Accordingly, the examples of
embodiments of the invention, as set forth above, are intended
to be illustrative, not limiting. Various changes may be made
without departing from the spirit or scope of the invention.
Therefore, the invention is intended to embrace all known or
earlier developed alternatives, modifications, variations,
improvements and/or substantial equivalents.

What is claimed is:

1. A method for operating a photoelectrocatalytic oxida-
tion assembly for removing fouling from components com-
prising:

resetting a first counter;

increasing the first counter by a first channel increment

value;

determining if the value in the first counter exceeds a value

corresponding to the number of channels provided in the
photoelectrocatalytic oxidation assembly;

performing the following steps if the first counter does not

exceed a value corresponding to the number of channels

provided in the photoelectrocatalytic oxidation assem-

bly:

reversing polarity in a channel associated with the value
in the first counter;

resetting a first timer;

determining if an amount of time in the first timer
exceeds a first time period;

increasing the amount of time remaining in the first
timer by a first time increment if the amount of time
remaining in the first timer does not exceed the first
time period;

terminating the polarity reversal in the channel associ-
ated with the value in the first counter when the time
remaining in the first timer exceeds the first time
period;

returning to the step of increasing the first counter by the
first channel increment value; and

returning, if the value in the first counter exceeds a value

corresponding to the number of channels provided in the
photoelectrocatalytic oxidation assembly, to the step of
resetting the first counter.

2. The method of claim 1, wherein the first channel incre-
ment value is preset.

3. The method of claim 1, wherein the first channel incre-
ment value is the integer one.

4. The method of claim 1, wherein the value corresponding
to the number of channels provided in the photoelectrocata-
Iytic oxidation assembly is preset.

5. The method of claim 1, wherein the value corresponding
to the number of channels provided in the photoelectrocata-
Iytic oxidation assembly is greater than one.

6. The method of claim 1, wherein at least one plate pair
having an anode and a cathode is associated with each chan-
nel provided in the photoelectrocatalytic oxidation assembly.

7. The method of claim 1, wherein the value corresponding
to the first time period is less than five minutes.

8. The method of claim 1, wherein the value corresponding
to the first time period is less than one minute.

9. The method of claim 1, wherein the value corresponding
to the first time period is not greater than twenty seconds.

10. The method of claim 1, wherein the first time increment
equals one second.
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11. A method for removing scale from a plurality of pho-
toelectrodes associated with a photoelectrocatalytic oxida-
tion assembly thru polarity reversal, the plurality of photo-
electrodes being associated with a plurality of channels, such
that at least one photoelectrode is associated with each chan-
nel, comprising:

resetting a first counter and a first timer;

determining if an amount of time in the first timer exceeds

a first time period;

increasing the amount of time in the first timer by a first

time increment;

increasing the first counter by a first channel increment

value;

determining if the value in the first counter exceeds a value

corresponding to the number of channels provided in the
photoelectrocatalytic oxidation assembly;

performing the following steps if the first counter does not

exceed a value corresponding to the number of channels

provided in the photoelectrocatalytic oxidation assem-

bly:

reversing polarity in a channel associated with the value
in the first counter;

resetting a second timer;

determining if an amount of time in the second timer
exceeds a second time period;

increasing the amount of time remaining in the second
timer by a second time increment if the amount of
time remaining in the second timer does not exceed
the second time period;

terminating the polarity reversal in the channel associ-
ated with the value in the second counter when the
time remaining in the second timer exceeds the sec-
ond time period;

returning to the step of determining if an amount of time
in the first timer exceeds the first time period;

returning, if the value in the first counter exceeds a value

corresponding to the number of channels provided in the

photoelectrocatalytic oxidation assembly and the

amount of time in the first timer does not exceed the first

time period, to the step of increasing the amount of time

in the first timer by a first time increment; and

returning, if the amount of time in the first timer does

exceed the first time period, to the step of resetting the

first counter and the first timer.

12. The method of claim 11, wherein the first time period is
a cycle time period.

13. The method of claim 11, wherein the first time period is
at least the number of channels multiplied by the second time
period.

14. The method of claim 11, further comprising after the
step of terminating the polarity reversal in the channel asso-
ciated with the value in the second counter when the time
remaining in the second timer exceeds the second time
period, performing the step of combining the amount to time
in the second timer with the amount of time in the first timer
and storing the total in the first timer.

15. The method of claim 11, wherein the first channel
increment value is the integer one.

16. The method of claim 11, wherein the value correspond-
ing to the number of channels provided in the photoelectro-
catalytic oxidation assembly is preset.

17. The method of claim 11, wherein the value correspond-
ing to the number of channels provided in the photoelectro-
catalytic oxidation assembly is greater than one.

18. The method of claim 11, wherein at least one plate pair
having an anode and a cathode is associated with each chan-
nel provided in the photoelectrocatalytic oxidation assembly.
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19. The method of claim 11, wherein the value correspond-
ing to the second time period is less than one minute.

20. The method of claim 11, wherein the value correspond-
ing to the second time period is not greater than twenty
seconds. 5
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